Abstract
Introduction

Dendritic cells (DCs) are critical for the onset and control of T-cell immune responses
. Langerhans cells (LCs) are DCs residing primarily within the epithelia of many organs, foremost in the epidermis of the skin [5] . The T-cell stimulatory function of LCs is well established in vitro [6] . There is also evidence that LCs function as antigen-presenting cells (APCs) in vivo, although this is currently under intense debate [5, 7] . [11, [17] [18] [19] . In contrast to other myeloid and plasmacytoid DCs, LCs are unique in the expression of langerin (CD207), a type II lectin which is the major molecule of Birbeck granules [20, 21] . However, langerin seems not to be an exclusive LC marker, as in mice a dermal langerin DC subset was found [22] [23] [24] [25] . It is highly expressed by keratinocytes in atopic dermatitis lesions, but not in other types of skin inflammation [26] . Human LCs treated with TSLP undergo phenotypic and functional maturation. Notably, CD4
but a description of a human counterpart is still missing. Thymic stromal lymphopoietin (TSLP) is an interleukin (IL)-7-like cytokine, which appears to be critically involved in allergic diseases
ϩ helper T cells [27] as well as CD8 ϩ T cells [28] , [27] . These observations in human DCs are in accordance with mouse studies, which also revealed a pivotal role for TSLP and LCs in the pathogenesis of atopic diseases [29, 30] . [27, 31] we exposed them additionally to a cytokine-cocktail consisting of TNF-␣, IL-1␤, IL-6 and PGE2 [32] . (Fig. 1C) .
stimulated by TSLP-treated LCs and DCs secrete a pro-allergic pattern of cytokines with increased amounts of IL-4, IL-5, IL-13 and tumour necrosis factor (TNF)-␣, but reduced levels of interferon (IFN)-␥ and IL-10. Moreover, TSLP-treated LCs produce thymus and activation regulated chemokine (TARC)/CCL17, a Th2-T-cell-attracting chemokine
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TSLP induces expression of TSLP-R, but not of OX40-L
Although OX40-L, a known trigger for Th2 cell polarization in blood-derived DCs [38] , was induced after stimulation with cytokine cocktail, TSLP-stimulated LC-like cells as well as the controls did not display OX40-L expression (Fig. 2A) . Contrarily, LC-like cells were capable to up-regulate the expression of TSLP-R after TSLP stimulation (Fig. 2B) . Up-regulation of TSLP-R was also seen in cocktail-matured LC-like cells (Fig. 2B ) and in mature epidermal LCs (Fig. 3) (Fig. 4A) (Fig. 6A) 
-derived LC-like cells activated with TSLP. LC-like cells were identified by their CD1a expression. (A) Expression of CD1a and CD207 on day 12 of culture. Fluorescence of CD1a-gated cells is depicted in the histograms. Filled histograms represent staining of experimental antibodies, open histograms the corresponding isotype controls. (B) CD34 ϩ -derived LC-like cells lacked CD83 expression on day 12 (upper row). After disruption of cell clusters during enrichment for CD1a, all LC-like cells matured by day 14 irrespective of the activation stimulus (lower row). (C) When maturation stimuli were added without mechanical disturbance of cells, only the cytokine cocktail consisting of TNF-␣, IL-1␤, IL-6 and PGE2-induced maturation, whereas TSLP did not. One representative experiment of three is shown in (A), (B) and (C). irrespective of the presence or absence of TSLP and cytokine cocktail
TSLP-treated CD34
؉ -derived LC-like cells do not induce an inflammatory Th2 cytokine profile in naïve CD4
؉ exact same cytokine secretion pattern was revealed by flow cytometry analyses of intracellular cytokines (Fig. 7B ).
helper T cells -in contrast to epidermis-derived LC
The capacity of TSLP-stimulated LC-like cells to polarize naïve CD4 ϩ T cells was compared with that of LC-like cells, which were generated in the presence and in the absence of TSLP. The addition of a neutralizing anti-TSLP antibody to cells cultured in the absence of TSLP, did not change the cytokine expression of T cells (data not shown). Naïve CD4
Fig. 3 TSLP-R expression in mature LCs from human skin. Fluorescence of CD1a-gated cells is depicted in the histograms. Filled histograms represent staining of experimental antibodies, open histograms the corresponding isotype controls. (A) Intracellular TSLP-R staining of LCs freshly isolated from human epidermis. (B) Surface expression of TSLP-R on freshly isolated LCs on day 0 and (C) after two days of culture. (D) Surface expression of TSLP-R on epidermal emigrants after 3 days of culture. All LCs were gated on CD1a. One representative experiment of four is shown.
Fig. 5 Naïve CD4 ϩ T cell proliferation induced by TSLP-treated LC-like cells. Various numbers of LC-like cells were cocultured with 2 ϫ 10 5 naïve allogeneic T cells for 6 days. (A) Proliferation was quantified by [ 3 H]thymidine incorporation (cpm). Data represent one of four independent experiments. (B) Mean and standard deviation of four experiments is shown. DC : T-cell ratio is depicted in decreasing ratios. (C) Various numbers of epidermal LCs were co-cultured with 2 ϫ 10 5 naïve allogeneic T cells for 6 days.
Proliferation was quantified by [ 3 H]thymidine incorporation (cpm). Data represent one of three independent experiments.
Discussion
In this study, we described and compared the distinct effects of TSLP on human CD34 It is known that OX40 ligand on TSLP-treated blood DCs is critically involved in T-cell polarization [38] and that LCs may be different in this regard. We [27] (Fig. 3) or in immature LClike cells by flow cytometry analysis, though (Fig. 2B) . Conversely, matured LCs from skin (Fig. 3) [27, 45] . Similar results were obtained by other groups [31, 46, 47] [48] or cancer [49] [50] [51] .
